In 2015 four UN landmark agreements were developed: the Sendai Framework for Disaster Risk Reduction 2015-2030 (hereafter referred to as the Sendai Framework); the agenda related to Financing for Development; the Sustainable Development Goals and the Paris Agreement on Climate Change. These can be regarded as the main guiding documents to galvanise action to address the new or emerging global challenges. The Science and Technology community are asked to support the implementation of the Sendai Framework, in order to 'prevent new and reduce existing disaster risk' by 'enhancing the scientific and technical work on disaster risk reduction and its mobilization through the coordination of existing networks and scientific research institutions at all levels and all regions with the support of the UNISDR Scientific and Technical Advisory Group ( for Disaster Reduction-International Consortium on Landslides (ISDR-ICL) Sendai Partnerships 2015-2025 for Global Promotion of understanding and reducing landslide disaster risk, is committed to enhance such endeavours. In this paper, attention is drawn to identifying some of the main future challenges for the integration of science into local, national, regional and international policy development for Landslide Disaster Risk Reduction within the Sendai Framework.
Introduction-Landslides as a Major Hazard
According to the World Bank, some 5% of the total population on the earth, circa 300 million inhabitants live in an area of 3.7 million km 2 susceptible to landslides (Dilley et al. 2005) . It is considered that the impact of landslide disasters will continue to mount dramatically as a result of climate change (IPCC 2012, p. 15) , population growth, and urbanization processes, leading to the establishment of regular and irregular human settlements on unstable slopes in both developed and developing countries.
Landslides are the concrete expression of slope instability, resulting from natural processes, human-induced factors and, quite commonly, the interactions of both. Deforestation processes, mining, excavations, loading of slopes, inappropriate terracing, artificial induced vibrations, deficient drainage and sewage systems are among the main anthropogenic determining factors of landslides (Alcántara-Ayala 2016) .
A recent systematic review of landslides (Kennedy et al. 2015) showed that health impacts of landslides are poorly recorded. Estimates of mortality are frequently inaccurate (both over-and underestimated) and tend to emphasise the short-term impacts. Factors leading to high morbidity and mortality include the volume of material displaced, speed of displacement and vulnerability of the population.
Short-term physical health impacts include crushing, asphyxiation and inhalation of debris. Longer term physical health impacts include illness resulting from disruption and destruction of sanitation systems, as well as mental ill health and trauma resulting from direct involvement and/or from experience of loss and or trauma to loved ones. Economic losses can be significant, although are frequently greatest in high income countries, whereas injury and loss of life are lower than in developing countries due to improved mitigation, response and recovery.
Reasons for poor recording have been cited as:
• The location of many landslides in remote, often highly mountainous, areas in poor countries in which levels of reporting of lower impact events is likely to be variable;
• Misidentification of landslides, for example, a debris flow may be described as a flood, leading to them being incorrectly recorded; • The co-occurrence of landslides with another (triggering) process, such as an earthquake, leading to the cause of death being incorrectly recorded; • The difficulty of tracking down the occurrence of post-event mortality (Petley 2012) Disaster risk is understood as the probability of loss of life, injury or damage/destruction of assets of a system, society or a community, determined by the interaction among hazard, vulnerability and exposure (ICSU-LAC 2010; UNISDR 2015b (see Fig. 1 ). While hazards can be of a natural, socio-natural or technological nature (Lavell 1996 (Lavell , 2003a ICSU-LAC 2010; Oliver-Smith et al. 2016) , vulnerability involves historically rooted economic, social, political, cultural and institutional multi-dimensions (Blaikie et al. 1994; Wisner et al. 2004; Oliver-Smith 2013; Oliver-Smith et al. 2016) . Exposure refers to the physical location of individuals and societies, assets (including environmental), livelihoods and infrastructure in areas susceptible to hazards that are likely to be affected by potential losses or damage (UNISDR 2009, b) .
Social processes shaped by the structure of development models and economic patterns of transformation have determined the social construct of disaster risk (Lavell 2003b) .
The UN Landmark agreement in 2015, the Sendai Framework for Disaster Risk Reduction 2015-2030, was adopted by 187 countries in March 2015 and endorsed by the UN General Assembly in June 2015. It states that there is a need for focused action within and across sectors by states at local, national, regional and global levels in the four priority areas, with the understanding of risk being the first priority. For landslides, understanding risk therefore requires a full comprehension of causality, in other words, identifying, and assessing root causes of disaster risk, in addition to dynamic pressures or drivers of risk in order to be properly addressed (Burton 2010 (Burton , 2015 .
Degradation of the environment, land-use changes, urbanization, migration, climate change and deficient governance are among drivers associated with exposure and vulnerability increasing risk, as they amplify unsafe conditions that potentially lead to landslides. These patterns of risk influence the creation of new risks, including landslides, at global, regional, national and local scales (Oliver-Smith et al. 2016) (Fig. 1) .
When destabilized by physical characteristics and processes, coupled with the potential to affect societies, slopes can be transformed into hazards. Likewise, when human intervention on the environment takes place in areas susceptible to landslides, enhancing their occurrence and potential impact on societies, they are considered as socio-natural hazards. Excluding large mass movement processes resulting from volcanic or seismic activity and/or tsunami, most rainfall triggered landslides that are transformed into disasters are of socio-natural type (Alcántar-a-Ayala 2016).
Global Frameworks to Reduce Disaster-Risks, Hazards and Vulnerability
Reflecting the complex causality of disasters outlined above and following several decades of international negotiations, strategies and initiatives aimed at preventing and lessening the impact of disasters, 2015 became a watershed year for disaster risk reduction, science and policy making, with four United Nations landmark international agreements being agreed (Fig. 2) . These four agreements are listed below: 
Its scope and purpose is directed towards guiding 'the multi-hazard management of disaster risk in development at all levels as well as within and across all sectors' by taking into account 'the risk of small-scale and large-scale, frequent and infrequent, sudden and slow-onset disasters, caused by natural or manmade hazards as well as related environmental, technological and biological hazards and risks' (UNISDR 2015a, Paragraph 15).
The Sendai Framework aims to achieve 'the substantial reduction of disaster risk and losses in lives, livelihoods and health and in the economic, physical, social, cultural and environmental assets of persons, businesses, communities and countries' (UNISDR 2015a, Paragraph 16). To achieve this outcome, the following goal must be pursued 'Prevent new and reduce existing disaster risk through the implementation of integrated and inclusive economic, structural, legal, social, health, cultural, educational, environmental, technological, political and institutional measures that prevent and reduce hazard exposure and vulnerability to disaster, increase preparedness for response and recovery, and thus strengthen resilience' (UNISDR 2015a, Paragraph 17).
Third United Nations International Conference on Financing for Development
This agreement, confirmed in Addis Ababa in July 2015 contains three main tasks (AAAA 2015):
• to follow-up on commitments and assess the progress made in the implementation of the Monterrey Consensus and the Doha Declaration; • to further strengthen the framework to finance sustainable development and the means of implementation for the universal post-2015 development agenda; and • to reinvigorate and strengthen the financing for development follow-up process to ensure that the actions to which we commit are implemented and reviewed in an appropriate, inclusive, timely and transparent manner.
The agreement aims to end poverty and hunger, protect the environment, and promote inclusive economic growth and social inclusion (Paragraph 1). The Agenda also recognizes the importance of aligning climate, humanitarian and development finance (Paragraphs 62-66), as well as developing data, disaggregated by age, sex and socioeconomic group, in order to support research and programming (Paragraph 126) (AAAA 2015) .
Crucially, in the context of this paper, the agenda pledged that, by 2020, the United Nations (AAAA 2015):
• "will increase the number of cities and human settlements adopting and implementing integrated policies and plans towards inclusion, resource efficiency, mitigation and adaptation to climate change and resilience to disasters. We will develop and implement holistic disaster risk management at all levels in line with the Sendai Framework. In this regard, we will support national and local capacity for prevention, adaptation and mitigation of external shocks and risk management" (34); • "Encourage consideration of climate and disaster resilience in development financing to ensure the sustainability of development results" (64); • "Enable countries to prevent or combat situations of chronic crisis related to conflicts or natural disasters … [recognising] the need for the coherence of developmental and humanitarian finance to ensure more timely, comprehensive, appropriate and cost-effective approaches to the management and mitigation of natural disasters and complex emergencies. We commit to promoting innovative financing mechanisms to allow countries to better prevent and manage risks and develop mitigation plans. We will invest in efforts to strengthen the capacity of national and local actors to manage and finance disaster risk reduction and to enable countries to draw efficiently and effectively on international assistance when needed" (66).
The agreement further encouraged consideration of further debt relief steps, where appropriate, and/or other measures for countries affected by disasters.
The 2030 Agenda for Sustainable Developmentthe Sustainable Development Goals
Unlike the Millennium Goals, their successors, the Sustainable Development Goals (SDGs), known officially as the 2030 Agenda for Sustainable Development, are characterized by being 'Universal', that is to say, they should be applicable to all countries. They are also intended to be an integrated and transformative vision for a better world, as a function of five-sided baselines: People, Planet, Prosperity, Peace and Partnership. The SDGs aim at ending poverty and hunger; protecting the planet from degradation; ensuring that all human beings can enjoy prosperous and fulfilling lives at the same time that development is in equilibrium with nature; fostering peaceful, just and inclusive societies; and enhancing Global Partnerships for the Implementation of the Sustainable Development Agenda (United Nations 2015).
The urgent need to move towards disaster risk reduction (DRR) and management (DRM) is clearly embedded into the 2030 Agenda for Sustainable Development, which comprises 17 Sustainable Development Goals (SDGs) and 169 associated global targets.
Disaster risk reduction is a cross-cutting issue in different aspects and sectors of development and reflecting this, there are 25 targets, in 10 out of the 17 SDGs, that are strongly related to DRR (Table 1) . They mainly address poverty, ending hunger, ensuring healthy lives, education, sustainable management of water, building resilient infrastructure, resilient cities, climate change and marine and terrestrial ecosystems goals.
The 2015 Paris Agreement on Climate Change
After more than two decades of intense negotiations, some commitments and fewer influential actions, the 2015 Paris Agreement reached an international consensus to address climate change by strengthening emission reduction targets to keep global temperature rise well below 2.0°C and engaging into efforts to limit the increase to 1.5°C under a stronger system of transparency and accountability for measuring progress. The 'all countries' policy includes the support actions of non-party stakeholders, such as businesses, investors, states, provinces, cities, authorities at sub-national and local level, financial institutions, and civil societies, among others, to reduce the emissions and building resilient societies in the light of a sustainable future (UNFCCC 2015) .
The agreement comprises twenty-nine articles, dealing with mitigation, adaptation, loss and damage, finance, technology development and transfer, capacity-building, and transparency of action, global stock-take and support. Accordingly, support for climate action to reduce emissions and building resilience in developing countries will continue to be provided by developed nations, although also other countries are persuaded to offer or continue the provision of such support on a voluntarily basis. Likewise, from a local or national scale, all signing Parties have a legally binding obligation to prepare, communicate and contribute to mitigation, but Parties are not legally bound at the international level to achieve their targets (UNFCCC 2015).
Cross Cutting Themes and Issues Between Declarations
In many respects it is possible to see evident linkages between climate change, disaster risk reduction and sustainable development as well as in the financing for development, that have been identified in the 2015 UN Landmark agreements. By its very nature, the interaction of weather-related and climate hazards with exposed and vulnerable individuals and communities around the globe should not be neglected. For example, from the year 2005 to 2014, although this data is not complete, it was determined that approximately 700,000 people died, 1.7 billion inhabitants were affected, and economic losses mounted $1.4 trillion in disasters worldwide (UNFAO 2015) .
As cited by the Intergovernmental Panel on Climate Change (IPCC 2012), a changing climate modifies the frequency, intensity, spatial extent, duration, speed of onset and timing of weather related and climate hazards. Moreover, the diversity, complexity and severity of the impacts of both, extreme and non-extreme weather or climate events on vulnerability to future extreme events by influencing resilience, coping capacity, and adaptive capacity has been widely recognized (IPCC 2012) . A further problem is that the severity of extreme events is strongly associated with the degree of vulnerability and exposure and will be a major driver for future temporary and permanent population displacement which, in addition to migration due to other causes, will also be a challenging issue for all governments in the years to come. In the absence of equality and social wealth, coping and adaptive capacity at local and sub-national levels, lives and livelihoods are threatened and generating challenges for disaster risk management and adaptation.
On the Missing Link Between Science and Technology, Policy Making and Practice Preliminary Considerations
Within the last few years there has been a growing interest in linking science and technology, policy-making, and practice for disaster risk reduction and management (UNISDR STAG 2013 and 2015 reports). This concern has been indirectly pointed out since the Rio Declaration in 1992, when the issue of the precautionary principle as an approach to disaster risk management was introduced. Accordingly, it was stated that 'in order to protect the environment, the precautionary approach shall be widely applied by States according to their capabilities. Where there are threats of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for postponing cost-effective measures to prevent environmental degradation' (Rio Declaration 1992).
The unification of science and policy making around practice is crucial for tailoring efficient and effective implementation strategies for DRR and DRM. Uhlenbrock et al. (2014) argue that scientists have a key role in informing public policy and science should serve as a foundation to the decision-making process. A central feature of this positioning indeed unveils a delicate situation since 'science is such a powerful and omnipresent way to frame policy questions. But, on the other hand, this very framing means that the way to attack an opponent's position is to attack the science' (Boehlert 2007) .
The work by Kahneman (2011) suggests that the majority of decisions are taken fast, as a function of feelings, previous experiences, associations, habits, trivial consequences, or evident preferences. Along this line of thought, scientific knowledge should be influential in decision-making processes based on beliefs and values, so that a solid bond to decision making can be constructed (von Winterfeldt 2013) .
The focus of science should not be restricted to provide 'the right information, at the right time, for the right people', but scientific research should also be 'useful, usable and used' (Boaz and Haydn 2002) . Nonetheless, there is not a quick route to build a sound interface between science and technology, policy making and practice, unless integrated research into disaster risk is carried out Cutter et al. 2015) .
Integrated Research on Disaster Risk
Integrated Research on Disaster Risk (IRDR) is a multi-disciplinary approach to strengthen capacity at global, regional and local levels to address hazards and generating scientific-based decisions on actions to reduce their impacts. Aiming at developing trans-disciplinary, multi-sectorial alliances for in-depth, practical disaster risk reduction research studies and the implementation of effective evidence-based disaster risk policies and practices, the Integrated Research on Disaster Risk program was set up under the umbrella of the International Council for Science (ICSU), the International Social Science Council (ISSC) and the United Nations Office for Disaster Risk Reduction (UNISDR). The main purposes of IRDR involve: Fig. 4 Goals of the integrated research on disaster risk (IRDR) programme (a) "Characterizing hazards, vulnerability, and risk by identifying hazards and vulnerability leading to risks, and forecasting, assessing, and dynamic modeling"; (b) "Understanding decision-making in complex and changing risk contexts by identifying decision-making systems, their contexts, and their interactions, and improving the quality of decision-making practice"; and (c) "Reducing risk and curbing losses through knowledge-based actions through vulnerability assessments, and the analysis of effective approaches to risk reduction" (IRDR 2013) In order to summarise these purposes Fig. 4 provides a visual summary.
Other Science and Technology Mechanisms for Implementation of the UN Frameworks for Informing Policy and Practice
In seeking to advance the negotiations and discussions process of the post-2015 Framework for Disaster Risk Reduction, three major priority areas for action and scientific engagement in DRR and DRM were recognized by the UNISDR Scientific and Technical Advisory Group (STAG) and the Major Group on Science and Technology, in partnership with Regional and Global Platforms: (a) Sharing knowledge for action; (b) Using a multidisciplinary approach to research; and (c) Building systems resilience through local, national, regional and international partnerships (Aitsi-Selmi et al. 2015) .
Concrete recommendations to be enhanced by STAG and IRDR-as the representative of the Major Group on Science and Technology-to build a partnership to support the integration of science in Disaster Risk Reduction (DRR) include:
1. Establishment of national DRR science-policy councils/platforms or national focal points for science to support disaster risk reduction and management; 2. Understanding the root causes and underlying risk factors of disaster risk (see Oliver-Smith et al. 2016); 3. Carrying out a periodic review of knowledge needs, new science, and research gaps; 4. Using the expanding science and technology evidence base to support capacity building and interdisciplinary capacity development for disaster risk management; 5. Leveraging science for DRR by promoting the dialogue between decision makers and researchers to guarantee integrated disaster risk governance; 6. Supporting integrated and holistic approaches to the use of science and technology for DRR;
7. Increasing the role of social science from a multidisciplinary approach to understand behavior and decision making in DRR and the role of the wider societal context in disaster risk creation and reduction; 8. Promoting open access, multi-hazard data platforms and standardized perspectives and tools for mapping and the use of data and scenarios that make science meaningful to decision-makers and people; 9. Using participatory approaches for communities to work together in the co-production of risk knowledge; 10. Investigating and documenting the effects of disasters and DRR interventions, including the ethical dimension of scientific research; 11. Strengthening DRR science-policy and cross-sectoral dialogues to facilitate risk assessments, post-disaster reviews, data sharing, and decision-making; 12. Developing guidelines for evidence-based risk assessments and their implementation to support the practical application of risk assessment (Aitsi-Selmi et al. 2016) (Fig. 5) .
Challenges for the Integration of Science into International Policy Development for Landslide Disaster Risk Reduction
In spite of the uncertainty for predicting landslide occurrence in time and space, landslide risk assessments offer valuable insights in terms of hazard evaluation, vulnerability analysis, and elements at risk, which can be useful for simple tasks such as identifying symptoms of slope instability in the field, in addition to landslide mapping, instrumentation, monitoring and for designing and implementing Early Warning Articulated Systems (EWAS's). The main attribute of EWAS's is the inclusion of the human dimension of disaster risk as the core of the system. It involves a process aiming at the comprehensive understanding of disaster risk by the exposed communities by exploring the underlying or root causes of disasters. Likewise, hazard assessment, the analysis of risk perception, and the different multi-dimensions of vulnerability and resilience to apprehend and communicate risk are integrated into the warning system. In consequence, EWAS's intend to provide a mechanism of awareness, knowledge-sharing, preparedness and capacity building for people to understand disaster risk as a social construct and its potential consequences, so that assessment of likely disaster scenarios, realistic structural and non-structural measures, risk management procedures, and response strategies and actions, can be properly enhanced (Alcántara-Ayala and Oliver-Smith 2017). Investigations concerning landslide hazards and their associated vulnerability have been dominated by mono-disciplinary perspectives, although quite recently multi-disciplinary and interdisciplinary research have also contributed to the understanding of landslide disasters. As in the case of other hazards, the work and new direction of work on landslide disaster risk, requires the need to move towards integrated research with a transdisciplinary angle, so that different stakeholders can be fruitfully engaged in the co-production of disaster risk knowledge. To do so in the best possible way, a series of challenges must be faced in terms of the approach towards disaster risk per se, and the impasse scenarios generated by the nature of policy making and practice, as follows:
(a) Landslide disaster risk approach
(1) Understanding disaster risk as a social construct derived from the interaction between societies and the environment to build territories based on models of development that have been derived in the creation of vulnerability and exposure conditions to hazards (Blaikie et al. 1994; Wisner et al. 2004; Burton 2010 Burton , 2015 Oliver-Smith 2013; Oliver-Smith et al. 2016) . Along the same line, the use of the term natural disasters should be avoided (Briceño 2015) . (2) Identifying and addressing the root or underlying causes of disaster risk and disasters (Blaikie et al. 1994; Wisner et al. 2004; Burton 2010 Burton , 2015 Oliver-Smith 2013; Oliver-Smith et al. 2016) .
(3) Recognizing and dealing with dynamic pressures or drivers of disaster risk, as they favor vulnerability and exposure and intensify unsafe conditions (Blaikie et al. 1994; Wisner et al. 2004; Burton 2010 Burton , 2015 Oliver-Smith 2013; Oliver-Smith et al. 2016 ). In the case of landslides, particular attention must be given to those aspects known as or associated with anthropogenic determining factors of hillslope instability (i.e., population growth and spread into areas with unstable slopes, the rural-urban interface, and urbanization processes, deforestation processes, mining, excavations, deficient drainage and sewage systems, land degradation, land-use changes, etc.). (4) Anticipating low-frequency, high magnitude landslide events to try to provide the best possible reliable estimates, and preventing high-frequency, low magnitude landslides by addressing root causes and drivers of risk. (5) Enhancing the availability of consistent landslide hazard, vulnerability and exposure data, and filling the gaps of landslide knowledge. (6) Stimulating landslide community-based strategies and applying landslide risk reduction measures to those communities predicted to be at risk in the future (Anderson et al. 2014 
Considerations for a Way Forward
The impacts of landslides are just one example of the need for an all-hazard approach to disaster risk reduction. Indeed, progress in addressing disaster risk reduction relies not only on the adoption but also on the parallel implementation of targets, goals and actions derived from the four international agendas. These agendas are related to financing development, sustainability, limiting global temperature increase, enhancing adaptive capacity, strengthening resilience and reducing vulnerability to climate change and disaster risk, and avoiding the creation of future risks, that are considered to be key to reducing future harm. This collective action can be portrayed as an 'open door' towards transformation and transformational strategies. The former involves 'fundamental changes in the attributes of a system, including value systems; regulatory, legislative, or bureaucratic regimes; financial institutions; and technological or biophysical systems' (O'Brien et al. 2012) , whereas the latter, is focused on addressing risk derived from social structures and social behavior, including disaster risk management, development goals, policy, and practice (Nelson et al. 2007; O'Brien et al. 2012) .
Despite the advance of science and technology in disaster risk, progress has been relatively limited in the many of the policy arenas. The notion of disaster risk reduction clearly includes a number of dimensions related to sustainable development, availability and mobilization of financing resources, and climate change adaptation that rely on the incorporation of multi-stakeholders at local, sub-national, national and global scales.
As noted in the IPPC "Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation" report (IPCC 2012), integration of disaster risk reduction and management and climate change adaptation with the international development agenda could lead to enormous benefit to policies and practices, at local, sub-national, national, regional and global scales.
The concept of science and technology and the link to develop an evidence base for policy is a complex one, and a promise to engage in a continued communication process towards specific commitments and targets is difficult when economic interests tend to override the sustainable use of the environment.
Regardless of the commitments made by authorities at member state level, the weighty work falls on the shoulders of local authorities, given that only DRR implementation at local scale can lead to desired regional and global deep-seated transformations.
With the confluence of the international initiatives, these historic milestones for the societies of tomorrow require a permanent dialogue among all stakeholders and a solid but transparent atmosphere of partnerships where commitment, responsibility and ethical values are top priority for implementing the 2015 UN Frameworks.
